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Device and method for floor heating in an aircraft 

This invention relates lo a device and a method for floor heating in an aircraft. 

Owing to the direct contact between the floor and the aircraft structure, heat is lost 
from the cabin area to the outer skin. When the surrounding temperature is low, as 
is the case at the normal flight altitude of aircraft, or on the ground when the 
weather is cold, this heat loss means that the floor of the aircraft cools down. In a 
passenger aircraft, passengers can then easily get cold feet, and in a freight aircraft, 
ice can even form on the floor. In order to solve these problems, it is standard, 
practice to heat the floor by means of electric heating mats. However, it is expensive 
to cover the entire floor surface, or at least a large section thereof with these heating 
mats, and in addition, during operation these heating mats require a considerable 
level of electrical power which has to be generated in the aircraft and so increases 
the aircraft fuel consumption. 

The aim of the invention is to provide an improved solution for the heating of the 
floor of an aircraft, which solution, if possible, should be achieved without having to 
generate additional current. 

This problem is solved according to the invention by a floor heating for an aircraft 
which has the features specified in patent claim l and by means of a method for the 
heating of the floor of an aircraft in accordance with patent claim 10. 

The method according to the invention makes use of the fact that, nowadays, an 
extensive range of electronic equipment is provided in an aircraft which is cooled 
with air so as to guarantee correct function. This warm waste air which originates 
from the cooling of electronic equipment in the aircraft is available at next to no cost, 
and in accordance with the method proposed by the invention, it is conveyed through 
hollow chambers in panels which make up the aircraft floor. In this way the aircraft 
floor is used as a heat exchanger between the hot electronics waste air and the cold 
aircraft structure, whereby a temperature is achieved on the floor surface which is 
pleasant for passengers and which prevents the formation of ice on the floor in 
freight aircraft. 
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Preferably, the warm waste air is conveyed through the floor panels along the length 
of the aircraft, and particularly preferably in opposition to the flight direction. This 
makes it possible and easy to convey the warm waste air, after flowing through the 
hollow chambers in the panels which make up the floor, through the floor paneis of, 
the aircraft cargo hold door so that this can be heated up as well. In accordance 
with an example of the method proposed by the invention, the warm waste air flows 
out into the aircraft fuselage after having flowed through the floor panels of the 
cargo hold door. Alternatively of course, other means of disposing of the warm 
waste air used to heat the floor and the cargo hold door can be provided. 

With a particularly preferred version of the method according to the invention, the 
warm waste air originates from what in the jargon of persons skilled in the art is 
often called the "avionics bay" of the aircraft, in which a large amount of the 
electronic equipment in an aircraft is kept. This type of avionics bay is usually 
located in the front section of an aircraft beneath the aircraft cockpit. Of course, 
according to the invention, any warm waste air which originates from the cooling of 
electronic components can be used in order to heat the floor and/or the cargo hold 
door. Depending on the circumstances, several supply lines are required to the floor 
and/or to the cargo hold door in order to convey the warm waste air from the 
different locations of electronic components to the floor and/or to the cargo hold 
door. 

If the warm waste air which originates from the cooling of electronic equipment in 
the aircraft is not hot enough and/or is not available m sufficient quantities in order 
to heat the floor and/or the cargo hold door as required, it is proposed in accordance 
with a further development of the method according to the invention that the warm 
electronics waste air is mixed with hot engine bleed air. The hot engine bleed air is 
available in sufficient quantities. Preferably, the hot engine bleed air is mixed in 
before the warm electronics waste air is supplied to the hollow chambers of the floor. 

With a slightly modified version of the method according to the invention, waste air 
which originates from the cooling of electronic equipment in the aircraft is mixed with 
hot engine bleed air at two points, one before the waste air is used to heat the floor, 
and the other before the waste air is used to heat the cargo hold door, if so after it 
has flowed through the floor. In this way, individual quantities of heat can be 
supplied to the floor and the cargo hold door. 
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As an alternative and/or in addition to the mixing in of hot engine bleed air, if the 
quantity of heat contained in the electronics waste air is insufficient for the required 
heating of the floor and/or the cargo hold door, the panels which make up the floor 
and/or the corresponding elements of the cargo hold door are provided with 
additional electric heating. In this way, the additional electric heating only produces 
the additional quantity of heat which is necessary for the required heating of the 
floor and/or the cargo hold door so that also this version of the method according to 
the invention is more economic with regard to energy than established, purely 
electrically-based solutions. 

In accordance with a preferred version of the method according to the invention, a 
forced flow is generated in the panels of the floor or the cargo hold door, for 
example by means of ventilators or similar, in order to improve and even out the 
heat transfer. 

The floor heating for an aircraft according to the invention includes continuous first 
hollow chambers which are formed within panels which make up the aircraft floor. 
Associated with the first hollow chambers is a feed line for warm waste air which 
originates from the cooling of electronic equipment in the aircraft. In this way, the 
aforementioned warm air can be used specifically for heating the aircraft floor. 

Preferably, the first hollow chambers in the panels extend along the length of the 
aircraft. The warm waste air can then flow through the floor counter to the flight 
direction, and can at the end of the cargo hold or the aircraft cabin be used for the 
heating of still other parts. To this end, in accordance with another version of the 
floor heating according to the invention, the first hollow chambers are in flow 
connection with second hollow chambers which are provided in floor panels of the 
aircraft cargo hold door. After flowing through the first hollow chambers, and at the 
same time heating up the floor, the warm waste air can then flow through the 
second hollow chambers of the cargo hold door in order to heat up the latter as well. 
The second hollow chambers can lead out freely into the aircraft fuselage, but 
separate outlet lines can also be provided for the waste air from the second hollow 
chambers. 

With preferred versions of the floor heating according to the invention, the feed line 
associated with the first hollow chambers serves to join the first hollow chambers 
with the previously mentioned avionics bay of the aircraft. If warm waste air from 
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the cooling of electronic equipment is to be conveyed from another point or from 
several points in the aircraft to the first hollow chambers, the feed line must be in 
flow connection with this point or these points. Several separate feed lines can also 
be used which each convey warm electronics waste air from the iocation point of the 
electronic equipment to the first hollow chambers. 

In accordance with a further development of the floor heating according to the 
invention, an additional feed line is provided which connects the first hollow 
chambers with hot engine bleed air. If the available electronics waste air is not 
sufficient, either with regard to quantity and/or temperature, additional warm air 
from another source, and which is available in sufficient quantities, can thereby be 
supplemented to the first hollow chambers. If so required, the hot engine bleed air 
can also heat the floor and/or the cargo hold door without any electronics waste air. 
Advantageously, the additional feed line is positioned in such a way that the hot 
engine bleed air can be mixed with the waste air originating from the cooling of 
electronic equipment in the aircraft before entering into the first hollow chambers. If 
required or desired, the feed lines can contain regulation valves which, in conjunction 
with the temperature sensors, set a pre-specified mix temperature with which the 
mix of electronics waste air and hot engine bleed air flows into the first hollow 
chambers. 

Alternatively, hot engine bleed air can be mixed at several points with the warm 
waste air originating from the cooling of electronic equipment in the aircraft, e.g. 
before the waste air enters into the first hollow chambers and moreover, once again 
before the waste air enters into the second hollow chambers. A simple possibility for 
quantity regulation of the mixed engine bleed air is to choose the corresponding flow 
cross-section of the supply line or feed line with which the hot engine bleed air is 
conveyed to the mixing point in such a way that the maximum quantity of heat which 
can flow through this line is the required quantity. 

By means of two or more points for mixing in hot engine bleed air, the temperature, 
for example of the floor and the cargo hold door, can be individually set. 

Alternatively, if the warm electronics waste air is not sufficient for the heating of the 
floor and/or the cargo hold door, additional electric heating can be provided to the 
panels which make up the floor and/or the cargo hold door. This additional electric 
heating can be provided, for example, by means of conventional electric heating 
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mats which are positioned on the upper side and/or the lower side of the panels 
which make up the floor. If the upper side of the floor needs to be heavy duty, the 
electric heating mats are preferably only placed on the lower side of the panels. 

r 

I 

In accordance with yet another alternative, additional electric heating can also be 
provided by means of electric heating coils or heating wires integrated into the 
hollow chambers of the floor and the cargo hold door. This embodiment can be used 
as an alternative to or in addition to the aforementioned additional heating by means 
of electric heating mats. 

Even if additional electric heating is provided, corresponding to the aforementioned 
alternatives, the floor heating according to the invention is still more economical than 
conventional heating using only electric heating mats because, according to the 
invention, only that portion of heat needs to be generated electrically that may be 
required in addition to the heat which has already been provided in the electronics 
waste air. 

In order to improve and even out the transfer of heat, in accordance with a preferred 
version of the floor heating according to the invention, ventilators are positioned in 
the hollow chambers of the floor and/or the cargo hold, and these generate a forced 
flow of warm air through the hollow chambers. 

In order to increase the efficacy of the floor heating according to the invention, the 
panels which make up the floor are preferably thermally uncoupled from any 
structure which supports the floor so as to minimize heat loss from the panels to the 
structure. In order to further increase effectiveness, the panels are provided with 
thermal insulation on their lower side at points where they are not in contact with the 
structure which supports the floor. This thermal insulation can, for example, be in 
the form of panels or mats, and be made from a material which is generally familiar 
to experts in this field for this specific purpose. For the thermal uncoupling of the 
panels from the structure which supports the floor however, a layer of rigid insulation 
material is preferably chosen so that the load capacity of the floor is not negatively 
affected. 

With all of the examples of the floor heating according to the invention, the panels 
which make up the floor are preferably profile members produced by extrusion, in 
particular by continous extrusion. In these profile members, the hollow chambers 
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required for conveying the warm waste air are cost effectively produced as part of 
the extrusion process. 

In the following, an example of the invention is described in greater detail, with 
reference to the attached schematic figures, wherein 

Figure 1 shows a schematic, partially cut away side view of a freight aircraft, 

Figure 2 shows a longitudinal section through a portion of a floor system which 

separates the cargo hold from the bilge of the aircraft, and 

Figure 3 shows a cross-section through the floor system from figure 2. 

Figure 1 schematically illustrates the fuselage 10 of a freight aircraft. At the front 
end of the fuselage 10 there is a cockpit section 12, below which there is an avionics 
bay 14 in which a large amount of the electronic equipment for the aircraft is kept. 
The term "electronic equipment" here means, for example, electronic equipment 
which is required for the navigation of the aircraft and also for the control of a 
number of components in the aircraft. 

Along the length of the aircraft, behind the cockpit 12 and the avionics bay 14, there 
is a cargo hold 16 which takes up the largest part of the fuselage 10. The cargo hold 
16 has a floor 20 made up from panels 18 which separates the cargo hold 16 from a 
bilge 22 located underneath the floor 20. 

In the rear, lower section of the fuselage 10, there is a cargo hold hatch or door 24 
which is shown in figure 1 in closed position, and which in open position serves as a 
ramp by means of which the cargo hold 16 can be reached from outside. 

As is more clearly visible in figures 2 and 3, the panels 18 are extruded profile 
members in which the first hollow chambers 26 extend along the whole length of the 
floor 20. Generally these profile elements are made from an aluminium alloy. 

A feed line 28 extends between the front end of the panels 18 (as seen in the 
direction of flight) and the avionics bay 14, by means of which the warm waste air 
used to cool the electronic equipment in the avionics bay 14 can be conveyed to the 
first hollow chambers 26. A distributor, not shown in the figures, ensures that there 
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is even distribution of warm waste air to all of the first hollow chambers 26 of the 
panels 18. 

By means of a connection line 30, the first hollow chambers 26 of the panels 18 are 
in flow connection with the second hollow chambers 32 which are provided in the 
floor panels 34 of the cargo hold door 24. The floor panels 34 are extruded profile 
elements similar to the panels 18 of the floor 20. The second hollow chambers 32 in 
the example illustrated end into the aircraft fuselage 10. 

The panels 18 of the floor 20 are fastened in a way not shown by their lower side 
onto supports 36 which are part of a structure which supports the floor 20. The 
position of the supports 36 generally corresponds to the position of seat track 
adapters 38 which extend cross-wise to the boards 18 and by means of which seats 
can be fastened to the floor 20. For the thermal uncoupling of the panels 18 from 
the supports 36, between the lower side of the boards 18 and the upper side of each 
support 26 exposed to the latter, a layer 40 of rigid insulation material is positioned. 
The term "rigid insulation material" here means an insulation material which is not, 
or at least not noticeably compressed when subjected to pressure. It does not, 
therefore, affect the loading capacity of the floor 20. 

In the areas between the supports 36, a layer of insulation material 42 is applied to 
the lower side of the panels 18 which is considerably thicker than the layer 40 of 
rigid insulation material. The insulation material 42 does not need to be rigid 
because it does not have to withstand pressure. The insulation material 42 can, for 
example, be elements made from polyurethane foam or any other foam suitable for 
heat insulation which are stuck onto the panels 18. It is also possible to incorporate 
the layer of insulation material 42 with the panels 18 during the extrusion process so 
that it forms one part with the panels 18, for example by means of co-extrusion. In 
order to further improve the insulation properties of the layer of insulation material 
42, the outer side of the insulation material 42 which is not in contact with the panels 
18 can be covered with a layer 44 of highly-reflective material. 

On the upper side of the panels 18 there is an insulation layer 46 on which a 
covering panel 48 which forms the actual walk-on surface of the floor 20 is 
positioned. A carpet can be fixed onto the covering panel 48 if so required. 
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In the following, the function of the heatable floor system is described. In order to 
cool the electronic equipment housed in the avionics bay 14, generally by means of a 
blower, air is injected into the avionics bay 14. The air takes heat from the electronic 
equipment and flows as warm waste air through the feed line 28 into the first hollow 
chambers 26 of the panels 18 of the floor 20. In the first hollow chambers 26, the 
warm waste air flows lengthwise and against the direction of flight through the whole 
floor 20 (see the arrow v which symbolises the flow in figure 2). 

At the end of the floor 20 a member which is not illustrated collects the air emerging 
from the first hollow chambers 26 and passes it on to a connection line 30 from 
which the air flows into the second hollow chambers 32, if so required by means of a 
second distributor, not illustrated here, which are incorporated into the floor panels 
34 of the cargo hold door 24. At the end of the second hollow chambers 32 the now 
cooled down air flows out into the aircraft fuselage 10. Alternatively, this air can be 
conveyed to the outside in a controlled manner. 

As is clear from the above functional description, both the floor 20 and the floor 
panels 34 of the cargo hold door 24 are heated to a pleasant temperature by the 
warm electronics waste air. If the electronics waste air available is insufficient with 
regard to temperature and quantity for the heating of the floor 20 and/or the floor 
panels 34, hot engine bleed air can be admixed. 



